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Abstract 
Sumner and Blitch defined a graph G to be k-y-critical if 7(G) = k and 7(G + uv) = k - 1 for 
each pair u, v of nonadjacent vertices of G. We define a graph to be k-(7,d)-critical if 7(G) = k 
and 7(G + uv) = k - I for each pair u, v of nonadjacent vertices of G that are at distance at most 
d apart. The 2-(7, 2)-critical graphs are characterized. Sharp upper bounds on the diameter of 
3-(7, 2)- and 4-(7, 2)-critical graphs are established and partial characterizations of 3-(7, 2)-critical 
graphs are obtained. 
1. Introduction 
A set D of vertices in a graph G is said to be a dominating set if every vertex v of 
V(G) -  D is adjacent with some vertex in D. We also say D dominates G. The 
minimum cardinality of a dominating set of G is called the domination umber of G and 
is denoted by y(G). (Terminology not presented here can be found in [2].) 
In [5] Sumner and Blitch defined a graph G to be k-y-critical if 7 (G)= k and 
y(G + e) = k - 1 for each e e E(G) (where G is the complement of G). So, in their 
investigations the domination umber dropped after the addition of any new edge to 
the graph. This concept of k-domination-critical graphs has also been studied by 
Blitch [1], Favaron et al. [3], Hanson [4], Sumner [6], Sumner and Wojcicka [7] and 
Wojcicka [ 8]. 
We investigate here a different type of domination criticality. In order to give 
a more precise definition we need the notion of a partial complement of a graph. Let 
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n >/2 be an integer. Then the n-complement (7, of G is the graph having the same 
vertex set as G and edge set E(G,) = {uvp2 <% d~(u,v) <~ n}. We say that G is k-(y,n)- 
critical if 7(G) = k and 7(G + e) = k - 1 for each e ~ E(G,). 
Graphs that are k-(7, n)-critical for relatively small n have applications to facility 
location problems. For example, a city may wish to erect depots of some kind so that 
every house/shop is within a block of one of these depots. If we model the street 
network by a graph in the natural way, then a dominating set in the graph corre- 
sponds to a set of location for the depots that have the property that they 'dominate' 
the street network. If the street network is k-(?, n)-critical it may be preferable to build 
a road between two intersections that are not too far apart (say at most n blocks apart) 
and decrease the number of depots by 1 rather than to build the k depots. 
Communication networks for which the graphs that model them are k-(7, n)-critical 
have the desirable property that less storage space is needed by a (minimum) domina- 
ting set if a link is installed between odes that are not too far apart in the network. 
In this paper we confine our investigations to k-(7, n)-critical graphs. We follow the 
notation used in [1]. If G is k-(7, n)-critical and not connected, then it is not difficult to 
see that G = UiGi, where each Gi is a connected k~-(7, 2)-critical graph, and 0 < ki < k. 
Hence in what follows we focus our attention on k-(7,2)-critical graphs that are 
connected. 
2. 2-(~, 2)-critical graphs 
Of course every 2-7-critical graph is a 2-(7, 2)-critical graph, but the converse is not 
true. For example, the path P4 on four vertices is 2-(7, 2)-critical but not 2-7-critical. In 
[1] the 2-7-critical graphs are characterized as follows. 
Theorem A. A graph is 2-v-critical if and only if G ~- U~=aKI.n, (n >1 i). 
In order to characterize the 2-(7, 2)-critical graphs we need the following definition. 
A graph is said to be obtained from a graph G by replacing one of its vertices v by 
a graph H if it is obtained from (G - v)uH by joining every vertex of H to every vertex 
of G - v that is adjacent with v in G. 
Theorem 1. A graph G is 2-(7, 2)-critical if and only if G is 2-7-critical or if G is obtained 
from P4 by replacing in succession each of the two vertices of degree 2 by a complete 
graph (not necessarily of the same order). 
Proof. If G is 2-?-critical or if G is obtained from P4 by replacing in succession each of 
the two vertices of degree 2 by a complete graph, then G is 2-(7, 2)-critical. 
Suppose now that G is 2-(7,2)-critical. We show that first that diamG <.% 3. 
If diamG/> 4, let u and v be vertices of G such that d(u,v)= 4. Suppose 
u = ut, u2, u3, u4, u5 = v is a shortest u-v path. Since G is 2-(7, 2)-critical, G + ul u3 has 
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domination number 1 and either ul or u3 is adjacent with every other vertex of 
G + u~u3. This is not possible since neither u~ nor u3 dominates u5 in G + UlUa. So 
diam G ~< 3. Clearly diam G >~ 2. Ifdiam G = 2, then G is 2-7-critical. Suppose thus that 
diam G = 3. Let u and v be vertices of G such that d(u,v) = 3. Let Vi be the set of 
vertices at distance i from u for i = 1,2, 3. If the distance between x and y is 2, then one 
of x and y dominates G + xy. Therefore (V~)G is a complete graph. It now also 
follows that every vertex of V~ is adjacent with every vertex of V2 and consequently 
that (V2)~ is complete. Since ( I /2)a is complete very vertex of V 2 is adjacent with 
every vertex of V3. We show next that V3 = {v}. Suppose V3 contains a vertex v' 
distinct from v. Let ul be any vertex of V~. Then there are at least two vertices of 
G which are not adjacent with u~ (namely u and v'). Further, v is not adjacent with at 
least two vertices of G, namely u and u~. This is not possible since u~ or v must have 
degree p(G) - 1 in G + ul v. Thus V 3 = {/)}. The theorem now follows. [] 
Recall that the double star S(m, n) is the graph obtained from the disjoint union of 
stars K~,m and KL ,  (m, n ~> 1) by joining the two central vertices. We now have the 
following. 
Corollary 1. A connected 9raph G is 2-(?,2)-critical if and only if either 
~= Ui'n=lKLn,(m >/ 1,nl >~ 1) or G ~- S(m,n)(m,n >>. 1). 
3. 3-(7, 2)-critical graphs 
Suppose G is a 3-(7, 2)-critical graph. If u and v are two vertices at distance two 
apart, then 7(G + uv) = 2 and so there exists a vertex x such that {v,x} or {u,x} is 
a dominating set of G - u or G - v, respectively. If {v, x} is a dominating set of G - u 
we write {v,x} ~ G-  u. The following result provides an upper bound on the 
diameter of 3-(7, 2)-critical graphs. 
Theorem 2. The diameter of a 3-(7, 2)-critical graph is at most 4. 
Proof. Let G be a 3-(7,2)-critical graph and suppose G has diameter at least 5. 
Let u,v•  V(G) with the distance between u and v the diameter of G. Let 
U=Vo, Vl .... ,vm=v (m~5)  be a shortest u-v path. For i=1 ,2  .... ,m, let 
Vi = {x • V(G)ld(u,x) = i}. Necessarily, vl • Vi for 1,2, ... ,m. 
Since d(v2, v4)=2, there exists a vertex w with {w, v2}- - ' ,G - -v  4 or  
{w, v4} ~ G - v2. If {w, v2} --+ G - v4, then w must dominate both u and v, which is 
impossible. Hence {w, v4}-~ G-  v2. In order to dominate u, the vertex w is in 
{u} w V1. Thus m = 5 and v4 dominates every vertex in V3 w V4w Vs. This means that 
no vertex x • 1/1 is adjacent with every vertex in V1 w V2, for otherwise 7(G) = 2. 
Hence for every x • V1, there exists a vertex x* e VI w V2 with x* not adjacent o x. 
Now consider vl • 1/1. Since d(v~, v3)= 2, there exists z•  V(G) such that 
{Z, U1} --~ G - v3 or {z, v3} ~ G - v~. If {z, v~} ~ G - v3, then in order to dominate v, 
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the vertex z is in V4w Vs, but then {z, vl} cannot dominate v~'. On the other hand, if 
{z, v3} --* G - Vl, then z must dominate both u and v, which is impossible. []  
Next we exhibit a class 9ff of 3-(7, 2)-critical graphs with diameter equal to 4. Let 
H~ ~-Kr(r >~ 2), H ~-Ks(s >1 1) and let H3 be obtained from a complete graph 
K2,,(m >1 2) by removing the edges of a 1-factor. Let u ~ V(Ha) and let v e V(H3). Let 
G be obtained from the disjoint union of HI ,  H2 and H3 by joining every vertex of H 2 
to every vertex of H~ w H3 distinct from u and v. Then it is not too difficult to verify 
that G is 3-(y, 2)-critical of diameter 4. For  s = 1, m = 2 and r = 3, the graph G is 
shown in Fig. 1. (Note that G does not have a dominating cycle.) 
Observe that a graph is 3-(7, 2)-critical of diameter 2 if and only if it is 3-7-critical of 
diameter 2. We now characterize 3-(7, 2)-critical graphs with diameter 4. 
Theorem 3. G is a 3-(7, 2)-critical 9raph havin9 diameter 4 if and only if G ~ :,ug. 
Proof. We have already seen that if G e ~¢f, then G is 3-(7, 2)-critical. Let G be 
a 3-(~, 2)-critical graph having diameter 4. Let Vo be a vertex having eccentricity 4 and 
let Vi be the set of vertices at distance i from Vo for i = 1, 2, 3,4. Let Vo, vl, v3, v4 be 
a shortest path from Vo to a vertex v4 in V4. Before proceeding further, we prove three 
claims. 
Claim 1. The vertex v2 dominates every vertex in Vx w V3. 
Proof. We show firstly that v2 dominates Vt. Since G is 3-(y, 2)-critical and since 
d(vo, v2) = 2, there exists a vertex v such that {Vo, v} --, G - v2 or {v2, v} --* G - Vo. We 
show that {v2, v} --, G - Vo. If  this is not the case, then {Vo, v} ~ G - v2. Necessarily 
v E V3w V4 and v is adjacent with every other vertex in (V2 - {Vz})W V3w V4. Since 
d(vl, v3) = 2, there exists a vertex x such that {x, Vx} --* G - v3 or {x, v3} ~ G - vl. If 
{x, Vl} ~ G - v3, then x belongs to V3 w 1/4 and vl is adjacent to every vertex in 
Vow V~ and va is adjacent o v2. But then {v, Va} is a dominating set for G, contrary to 
the fact that 7(G) = 3. So this situation cannot occur. Hence {x, v3} ---, G - v~. Then 
x belongs to V1 and xvt CE(G). Also v3 dominates all the vertices of(V3 - {v3})w V4. 
Since d(v2, v4)=2,  there exists a vertex y such that {Vz, y } - - *G-v4  or 
{v4, y} ~ G - v2. If {v4, y} ~ G - v2, then y belongs to V, and is adjacent with every 
Fig. 1. A 3-(y, 2)-critical of diameter 4. 
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vertex of Vo~(V~-  {y})w(V2-  {v2}). But then {y, v3} is a dominating set for 
G which contradicts the fact that 7(G) = 3. So this situation cannot occur. Hence 
{v2, y} ~ G - v4. Since v2 is not adjacent with Vo, this implies that y is in Vt and that 
v2 is adjacent wih every vertex in V3u(V4 - {v4}). So 1/4 = {v4}. I fv  e V3, then v2 is 
adjacent with v which is not possible. It follows that v = v, and V2 = {v2}. But then 
{Vo, v3} is a dominat ing set for G which contradicts the fact that 7 (G)= 3. This 
contradiction shows that {Vo, v} -~ G - v2, so {v2, v} ~ G - Vo. Hence v2 must be 
adjacent with every vertex in V~ and v ~ V3 ~ V4. In particular, v2 dominates V~. 
We show next that vz dominates V3. If V2 = {v2}, then this is immediate. Assume, 
therefore, that IV21 i> 2 for otherwise there is nothing left to prove. Since d(v2, v4} = 2, 
there exists a vertex y such that {v4, y}- - -~G-v 2 or {vz, y}- -+G-v4.  If 
{v~,y} ~G-  v2 then, since [V2[ >~ 2, y must belong to V1 and yv2¢E(G). This 
contradicts the fact that v2 is adjacent with every vertex in V~. So this situation cannot 
occur. Hence {v2, y} ~ G - v4. So y ~ Vow V~, v2 is adjacent with every vertex in V3 
and v, is the only vertex in V4. In particular, v2 dominates V3. []  
The proof  of Claim 1 yields the following result. 
Cla im 2. I/4 = {v4}. 
Claim 3. (V2> is complete. 
Proof. Note that every vertex v~ in V2 is adjacent with some vertex v'~ in V1. We show 
that v2v'z is an edge of G for all v~ in V2 - {v2}. If this is not the case, then v2, v'l, v'2 is 
a path of length 2. Hence d(v2, v~} = 2. But then there exists a vertex v~ such that 
vt t t tt ) {v2, v2} ~ G - v2 or {v2, vzj ~ G - v2. Neither situation is possible since this would 
imply that v~ is adjacent o both Vo and v4. So VzV'2 ~ E(G) for all v~ in V2 - {v2}. If 
a, b c V2 - {v2}, then ab ~ E(G), otherwise d(a, b) = 2. In this situation one can also 
argue as before that some vertex must be adjacent with both Vo and v4, which is 
impossible. Hence (V2)  is complete. []  
We now consider two possibilities. 
Case 1. (V1) is complete. 
We now prove six claims. 
Claim 4. Every vertex in V1 is adjacent o every vertex in Vz. 
Proof. Let u ~ 1/'2. Since d(vo, u) = 2, there exists a vertex w such that {Vo, w} --* G - u 
or {u,w} ~G-vo .  If {Vo, W} ~G-u ,  then w dominates every vertex in 
(V 2 -- {u})k.3 V3k_) V 4. Since (V1) is complete, this implies that {u', w} ~ G where u' is 
a vertex in V1 that is adjacent with u. This contradicts the fact that 7(G) = 3. Hence 
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{u, w} --* G - Vo. So w ~ V3 w 1/4 and u is adjacent with every vertex of V 1 . This is true 
for all vertices u in 1/2. The result now follows. []  
Claims 3 and 4 imply that each vertex of V~ dominates Vow V1u V2. Since 
7(G) = 3, this yields the following result. 
Claim 5. Each vertex in V3 w 1/4 is nonadjacent with some other vertex of  V3 w 1+'4. 
Claim 6. Every vertex in Vz is adjacent o every vertex in V 3. 
Proof. Let a e V2 and b ~ V3, and assume abCE(G). By Claims 1 and 3, each of a and 
b is adjacent o v2, so d(a, b) = 2. Thus there exists a vertex w such that {a, w} ~ G - b 
or {b, w} ~ G - a. If {a, w} ~ G - b, then this would imply that w is adjacent o both 
Vo and v4, which is impossible. If {b, w} ~ G - a, then w ~ Vow VI and b dominates 
V3 w 1/4. This contradicts the result of Claim 5. Hence ab must be an edge of G. []  
It reamins for us to show that every vertex of V3 w V4 is nonadjacent to exactly one 
other vertex of V3 w 1/4. This will show that G ~ ~¢~. 
Claim 7. I f  x, y ~ V3, and x is not adjacent o y, then either x dominates (V3 - {y})u I/4 
or y dominates V3 ~ 1/4 - {x}. 
Proof. If x, y 6 V3, then, by Claim 6, we know that d(x, y) = 2, and so there exists 
a vertex t such that {x, t} -+ G - y or {y, t} ~ G - x. In either case t must belong to 
Vo u V~, and the claim follows. [] 
Claim 8. For every vertex x in V3, there exists a unique vertex x* in V3 w V4 such that 
{x} =-+ V 3 w V 4 - -  {X*}. 
Proof. Let x e I/3. By Claim 5, we know that there exists a vertex, say x*, such that 
x is not adjacent o x*. Suppose that, on the contrary, there exists another vertex x** 
in V3 w I/4 which is not dominated by x. Now, since 1/4 consists only of one vertex, 
then without loss of generality we may assume that x* ~ V3. Thus, by Claim 7, 
{x*}~V3~V4-{x} .  Let t be a vertex in G such that {x* , t}~G-V l  or 
{vl, t} --* G - x*. The first case is not possible since t would have to dominate both 
Vo and x. So, it must be the case that {vl, t} ~ G - x*. Now, since t is not adjacent o 
x*, and {x*} --* V3w 1/4 - {x}, then we have t = x, and hence the vertex x** is not 
dominated. This produces a contradiction. [] 
Claim 9. There exists a unique w in V3 such that w is not adjacent o v4. 
Proof. Suppose that w ~ V3,  and w is not adjacent o v4. Then by Claim 8, w must 
dominate 1/3. Let t be a vertex in G such that {w, t} ~ G -- vl or {vl, t} --* G - w. The 
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Fig. 2. A 3-(7,2)-critical graph that is not 3-7-critical. 
first case is not possible since t would have to dominate both Vo and v4. So, it must be 
the case that {Vl, t} ~ G - w. Now, since t is not adjacent o w, and t must dominate 
v4, we must have t = v4, and so the result follows. [] 
Hence every vertex of V3 w I/4 is nonadjacent to exactly one other vertex of V3 w 1/4. 
Thus G e ocg. This completes the proof of the theorem. [] 
We now consider 3-(y, 2)-critical graphs of diameter 3. Of course, every 3-7-critical 
graph of diameter 3 is a 3-(7, 2)-critical graph of diameter 3. However, the converse is 
not true as we now show. Let H~ ~ K,,(m ~ 2), H 2 ~ H 3 ~ K n (n ~ 2) and H4 ---- K1. 
Let v be a vertex of H1 and suppose V(H4)= {u}. Let G be obtained from 
HI wH2uH3wH4 by first joining every vertex of H~-  v to every vertex of H 2. 
Next join u to every vertex of H 2. Finally, if V(H2)= {vl, v2, ... ,v,) and 
V(H3) =- {ul, u2,, ... ,u,}, then join every vl to every u~ for i :~j. Then it can be shown 
in a straightforward manner that G is 3-(7, 2)-critical of diameter 3, but that G is not 
3-7-critical. See Fig. 2 for an illustration. 
It remains an open problem to characterize 3-(7, 2)-critical graphs of diameter 3 that 
are not 3-y-critical. 
4. 4-(~, 2)-critical graphs 
Suppose G is k-( 7, 2)-critical. Then if u and v are two vertices of G at distance 2 apart, 
then 7(G + uv) = k - 1 and so there exists a set W ofcardinality k - 1 that dominates 
G + uv. Since W does not dominate G, it must be that exactly one of u and v belongs 
to W. Ifv ~ W, then W will dominate G - u. Thus S = W - Iv} is a set of cardinality 
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k-2  such that Sw{v} dominates G-u .  If S is such a set, then we write 
{v, S} ~ G - u. Similarly, if u ~ W, then there exists a set S of cardinality k - 2 such 
that Su{u} dominates G - v, i.e., {u, S} ~G - v. 
Theorem 4. The diameter of a 4-(7, 2)-critical 9raph is at most 6. 
Proof. Let G be a 4-(7, 2)-critical graph and suppose G has diameter at least 7. Let 
u, ve  V(G) with the distance between u and v the diameter of G. 
Let u = Vo, vl .... ,Vm = v(m >>. 7) be a shortest u -  v path. For  i = 1, 2 ... .  ,m, let 
Vi = {xe  V(G)[d(u,x)= i}. Necessarily, Vo = {u} and vi~ V~ for i=  1,2 . . . . .  m. 
Since d(v2, v4)= 2, there exists a set S = {sl, s2} such that {/)2, S}--~ G-  v 4 or 
{v4, S} ~ G - v2. We consider the two possibilities in turn. 
Case 1. {v2, S} ~ G - v4. 
In order to dominate u, one ofsx and s2, say Sx belongs to Vo ~ VI. Thus m = 7 and 
s2 is adjacent with every vertex of V5 u 1/6 w Vv, so s2 ~ V6. It follows that v2 domi- 
nates the set V3 and V4 = {v4}. Now consider v3 e V3. Since d(v3, vs) = 2, there exists 
a set T = {tl, t2} such that {/)3, T} -~ G- / )5  or {Vs, T} ~ G-  v3. If  
{v3, T} ~ G - / )5 ,  then in order to dominate u, tl (say) belong to Vow V1, while in 
order to dominate v, the vertex t2 e V6 u Vv. This means that {tl, v3} dominates the 
set U4=o Vi. Hence {tl, v3, s2} dominates G, producing a contradiction. On the other 
hand, if {/)5, T} - -  G - / )3 ,  then in order to dominate v, tz (say) belongs to 1/6 u VT, 
while in order to dominate ~)2= 0 Vi, ta e Vx. It follows that V3 = {v3}. Hence 
{tx, /)3, 82} (or {tl,/)4, s2}) dominates G, producing a contradiction. 
Case 2. {v4, S} ~ G - v2. 
In order to dominate Vo u VI, Sx (say) belongs to Vo u V1. Thus m ~< 8 and, in order 
to dominate v, s2 e U~'= 6 Vi" It follows that v4 dominates the set V3 w 1/4. Further- 
more, sa is not adjacent with v2 and sl dominates the set U{=o V / -  {v2}. Now 
consider /)3 ~ 1/3. Since d(vl,/)3) = 2, there exists a set W = {Wx, w2} such that 
{vl, W}~G- / )3  or {v3, W}~G-v l .  If {va, W}~G- / )x ,  then, in order to 
dominate u, wl (say) belongs to Vow V1. The m = 7 and w2 is adjacent with every 
4- vertex of U/v=5 V/, so w2 ~ V6. It follows that/)3 dominates the set (0~=a Vi)w{v2}. 
Hence {Sx, v3, w2} dominates G, producing a contradiction. Thus {vl, W} ~ G - v3. 
If v~ dominates the set 02__ 0 V~, then {Vx,/)4, s2} dominates G, a contradiction. Thus 
there exists a vertex v* e V~ w V2 with/)* not adjacent with Vl. Note that v* :~ Vz. In 
order to dominate/),  w2(say) belongs to 0~"= 5Vi. Thus, in order to dominate/)* and 
I/"4, we must have wa ~ V3, and so v~' 6 V2. Thus m = 7 and w2 is adjacent with every 
vertex of UT= 5 Vi, so wz ~ V6. If wl is adjacent with v3, then {Vl, WI, W2} dominates G, 
producing a contradiction. Hence w~ is not adjacent with/)3. 
We now consider the vertices v3 and vs. Since d(v3,/)5) = 2, there exists a set 
r = {q, t2} such that {v3, T} ~ G - v5 or {vs, T} -~G-  v3. If {/)3, T} ~ G-  vs, 
then in order to dominate u, tl (say) belongs to Vo u V1, while in order to dominate v, 
the vertex t2 belongs to 1/6 w Vv. This means that v3 dominates the set V3 w V4. In 
particular, since wl e V3, v3 is adjacent with Wl, which produces a contradiction. 
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Hence {vs, T}--* G-  v3. In order to dominate v, the vertex t 2 (say) belongs to 
V6w V7. It follows that tl dominates the set Vow V1 w V2. This, together with the 
earlier observation that {v4, s2} dominates the set U~=3 Vi, implies that {tl, v4, s2} 
dominates G, producing a contradiction. 
Since both Case 1 and Case 2 produce a contradiction, the result now follows. [] 
The result of Theorem 4 is best possible. Fig. 3 shows a 4-(7, 2)-critical graphs of 
diameter 6. 
5. Vertex deletion 
The proof of the following results is almost identical to a proof of Sumner and 
Blitch [5], and is therefore omitted. 
Theorem 5. I f  G is a k-(V,2)-critical graph, k >~ 2, then for every vertex v e V(G), 
7(G - v) ~< k. 
A graph G is said to be (7, k)-critical if 7(G) = k and 7(G - v) = k - 1 for each 
v ~ V(G). We show next that if G is k-(7, 2)-critical, then G is not necessarily (~,, k)- 
critical. Let G be obtained from a complete graph on k >~ 2 vertices by attaching 
a path of length 1 to each of its vertices (so that the resulting paths are vertex disjoint). 
(The graph G is also known as the corona of Kk.) Then G is k-(7, 2)-critical but not 
(7, k)-critical. Fig. 4 shows G. 
-C5> 
Fig. 3. A 4-(7, 2)-critical graph of diameter 6.
Fig. 4. A k-(7, 2)-critical graph that is not (7, k)-critical. 
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6. Some open problems 
We close this paper with a few open problems which we have yet to settle. It would 
be nice to obtain a characterization of 3-(7, 2)-critical graphs of diameter 3. In view of 
the results established in Section 3, we would then have a complete characterization of
3-(7,2)-critical graphs. Such a characterization appears difficult to obtain though. 
Hence it may be of interest to investigate the properties of 3-(7, 2)-critical graphs of 
diameter 3. If the vertices of a cycle (respectively, path) form a dominating set, then 
such a cycle (respectively, path) is referred to as a dominating cycle (respectively, 
dominating path). In Section 3 we observed that a 3-(7,2)-critical graph does not 
necessarily have a dominating cycle. Is it true, however, that a 3-(7, 2)-critical graph 
always possesses a dominating path? In [5], Sumner and Blitch conjectured that 
7(G) = i(G) for 3-7-critical graphs. We close with the following conjecture: If G is 
a connected 3-(7, 2)-critical graph, then 7(G) --- i(G). 
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